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ABSTRACT 



To suppress electron:iagnetic radiation without exerting 
any harmful influence upon both S/N ratio and dy- 
namic range, a pulse width modulation circuit includes 
an integrating circuit for integrating an input signal 
applied to an input terminal with respect to time, a 
comparing circuit connected to the integrating circuit 
and having hysteresis characteristics, a feedback circuit 
for feeding back the output of the comparing circuit to 
an input of the integrating circuit, and an amplitude 
modulation circuit, provided in a loop including the 
integrating circuit and the comparing circuit, for imple- 
menting amplitude modulation to modulate a frequency 
of the output of the comparing circuit. Further, the 
output of die comparing circuit can be fed-back to the 
integrating circuit via an amplitude modulation circuit. 
Alternatively, the amplitude of the output of the inte- 
grating circuit is first modulated by the amplitude mod- 
ulation circuit, before b^g applied to the comparing 
circuit. A dither signal is applied to the amplitude mod- 
ulation circuit or. alternatively, a signal for maintaining 
frequency of the pulse modulated signal may be applied. 

19 Claims, 16 Drawing Sheets 
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PULSE WnXTH MODULATION CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention ^ 
The present invention relates to a pulse width modu- 
lation (PWM) circuit for controlling a duty factor of an 
output pulse thereof in response to an amplitude of an 

gnalng^ly^pnt mgnfll^ flnd in partic ular tO a pulse Width 

mo3ulation circuit suitable for use to amplify the power *° 
of audio signals. 

2. Discussion of the Background 

A pulse wndth modulation fPW \f> circuit is generally 
composed of an mput terminal for receiving signals to 
be pulse widths modulated, an_ integrating circuit, the 
in put side thereot beiny connect ed to the ipput terminal, 
a p ulse width j Ba^ ateojvave ontputtenninal ^ and an 
output-teimi nal for outputtiny p pnlcft-mfiriiilatpH signal 
The PWM circuit also includes^ a-oompaiing circuit 
having a h^teresis jch aracteristic--for— comparing an 
input signal with a reference signal apphed to a refer- 
ence input terminal to output the comparison result to 

the output terminal, anH g^frp/|^ia^)f f^m^^it fn^ fp<>Hing 
hack-t hft pnlpft uriHfh mrtf1ii1<^ t<»d y fo yft nhtain wl at a 
puke_w^(ith mrt^^lat ^ wave ou tput terminal in the 25 
injiiif fATTTiiTi^^ Qf ^>t» iT^yf.pf^^ng cify^if TTndiT the con- 
dition that no input signal is applied to the pulse width 
modulated wave input terminal, the following monoto- 
nous oscillating operation is repeated: a potential 
change of the integrating circuit (across a capacity) due 30 
to current flowing through the feedback circuit is ac- 
quired by the comparing circuit, and the direction of the 
current flowing through the feedback circuit is 
switched according to the polarity of the output of the 
comparing circuit The pulse generated by this oscilla- 35 
tion becomes a carrier. Here, when an analog input 
signal is applied to the pulse width modulated wave 
input terminal, since the potential change rate of the 
integrating circuit is subjected to the influence of the 
input signal amplitude, the polarity inversion time 40 
changes at the output of the comparing circuit In other 
words, since the duty factor of the outputted pulse 
signal changes, it is possible to implement the pulse 
modulation according to the amplitude of the analog 
input signal. 45 

In addition to the carrier self-oscillating type modula- 
tion circuit as described above, there exists another type 
modulation circuit in which a separate oscillator circuit 
for outputting a carrier pulse signal is connected to the 
input terminal of the integrating circuit 50 

In the conventional pulse width modulation circuit, 
however, although there exists an advantage in that it is 
possible to obtain a higher S/N ratio, ie. a less errone- 
ous operation of the comparing circuit, by increasing 
the amplitude of the signal outputted by the integration 55 
signal output terminal, there exists problems in that the 
dynamic range thereof is narrowed. Further this con- 
ventional circuit is not suitable to reduce the supply 
voltage of an LSI. This circuit is disadvantageous for 
high speed operation. Additionally, when the amplitude 60 
of the si^ial developed at the integration signal output 
terminal is reduced, although it is possible to secure a 
wide dynamic range and the circuit is suitable to allow 
reduction of the supply voltage of an LSI, there exists a 
problem in that it is difficult to secure a high S/N ratio. 65 
This tends to cause erroneous operation due to noise. 
Further, when the amplitude of the signal of the integra- 
tion signal output terminal is small, that is, when the 
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width of the hysteresis is narrow, there exists a problem 
in that the comparing circuit is easily operated errone- 
ously due to noise. 

Further, in the conventional pulse width modulation 
circuit, since the output level of the integrating circuit 
fluctuates according to the level of a dither signal, a 
problem arises in that the S/N ratio and the dynamic 
range are both low. 

In addition, in the conventional pulse width modula- 
tion circuit, there exists another problem in that the 
components of the fundamental and higher harmonics 
of the carrier pulse signal are radiated unnecessarily, 
with the result that this exerts a harmful influence upon 
a wireless apparatus. 

In order to eliminate the unnecessary radiation, it has 
been necessary to cover a printed circuit board or a 
whole apparatus. However, this countermeasure causes 
increase of size and/or cost of the apparatus by incorpo- 
rating shielding plates made of a metal material. 

To overcome the above-mentioned problems, a two- 
status modulation technique has been disclosed in Euro- 
pean Patent Application No. 85303763.8 (Laid-Open 
No. 01S4280A1), in which the width of the hysteresis of 
the integrating circuit can be changed. In tiJs method, 
however, there still exists a drawback in that an errone- 
ous operation easily occurs. 

SUMMARY OF THE INVENTION 

With these problems in mind, therefore, it is an object 
of the present invention to provide a pulse width modu- 
lation circuit in which the electromagnetic radiation 
can be suppressed effectively in spite of a simple circuit 
configuration while maintaining a high S/N ratio and a 
wide dynamic range. 

A pulse width modulation circuit according to the 
present invention comprises: an integrating circuit for 
integrating an input signal applied to an input terminal 
with respect to time; a comparing circuit having hyste- 
resis characteristics connected to the integrating circuit; 
a feedback circuit for feeding back the output of the 
comparing circuit to an input of the integrating circuit; 
and an amplitude modulation circuit, provided in a loop 
including the integrating circuit and the comparing 
circuit, for implementing amplitude modulation to mod- 
ulate frequency of the output of the comparing circuit 
Further, the output of the comparing circuit can be 
fed-back to the integrating circuit via an amplitude 
modulation circuit. Alternatively, the amplitude of the 
output of the integrating circuit is modulated by the 
amplitude modulation circuit, before being applkd to 
the comparing circuit 

That is, since the frequency modulation is enabled by 
implementing the amplitude modulation, it is possible to 
suppress unnecessary electromagnetic radiation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and 
many of the attendant advantages thereof will be 
readily obtained as the same becomes better understood 
by reference to the following detailed description when 
considered in coimection with the accompanying draw- 
ings, wherein: 

FIG. 1 is a block diagram showing an embodiment of 
the pulse width modulation circuit according to the 
present invention; 

FIG. 2 is a detailed block diagram showing the inte- 
grating and comparing circuits of FIG. 1; 
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FIGS. 3A and 3B are wavefoim diagrams for assist- resistor 2 is connected to the signal input terminal 1. 
ing in the explanation of the operation of the circuit The other end of the input resistor 2 is connected to an 
shown in FIG. 2; inversion input terminal (— ) of an operational amplifier 

FIGS. 4A, 4B and 4C are waveform diagrams for 11. This operational amplifier 11 constitutes the inte- 
expbining the operation of the circuit shown m FIG. 2; 5 grating circuit 10 together with an integration capacitor 

FIGS. SA-5D are vraveform diagrams for assisting in u. One end of the capacitor is connected to the inver- 
the explanation of operation of the amplitude modula- sion input terminal of the operational amplifier 11, and 
tion circuit shown in FIG. 2; the other end thereof is connected to the 10 ou^ut 

FIGS. 6A-6D are waveform diagrams for explaining terminal of the operational amplifier U. Further, a non- 
the overall operation of the circuit shown in FIG. 2; 10 inversion input terminal (+) of the operational ampli- 

FIG. 7 IS a cucmt diagram showing another embodi- ger u is connected to a voltage supply (not shown) for 
mrat of the present invention; supplying a reference voltage V^^. Tlie output termi- 

FIG. 8 IS a block diagram showmg still another em- ^ of the operational amplifier 11 is comiected to the 
^^Tal *^P^''* invention; integration signal output terminal 13. 

FIGS. 9A-9H are wavefom diagrams for explammg 15 x^e output terminal of the operational amplifier 11 is 
the qpeiation of the arpmt shown m FIG. 8; comiected to an inversion inJuTterminal of another 

FIG. 10 IS a circmt diagram showmg a pract^ c«r- operational amplifier 21. TOs operational amplifier 21 
cmt configuration of the embodmien shown m FIG. 8; ^ ^mpaiing circuit M togetiier with resis- 

FIG. 11 IS a block diagram showing an example to „ r^i^^ ^^Ir *v • * - ^ j 

which the embodiment shown in FIG 2 is appfed to M ^Ttlf ^ 

drive a light load- output tenmnal of the operational amplifier 21, 

HQ. 12 is a block diagram showing another example ^^^^^IJ^"?^' <md thereof is connected to a non-inver- 
to which the embodiment shown in FIG. 7 is applied to "^P"^ operational amplifier 21. Fur- 

drive a light load- * ^® resistor 23 is connected to the end 

FIG. 13 is a circuit diagram showing an example of a 25 ^? resistor 22 which is connected to the non-inver- 
power driver circuit; operational amphfier 21, and the other 

FIG. 14 is a circuit diagram showing another example ^^^^ ^ connected to another voltage 

of the power driver circuit; ^PP^^ shown) for applying another reference volt- 

FIG. 15 is a graphical representation for assisting in terminal of the operational ampli- 

the explanation of the duty factor; 30 "^^ ^ connected to a comparison signal output tenni- 

FIG. 16 is an illustration for explaining the definition 
of the duty factor; The output terminal of the operational amplifier 21 is 

FIG. 17 is a circuit diagram showing a circuit for connected to an input terminal of an inverter 3. The 
obtaining a correcting signal; output tenmnal of this inverter 3 is connected to the 

FIG. 18 is a block diagram showing an embodiment 35 inversion input terminal of the operational amplifier 11 
based upon a second aspect according to the present via a feedback resistor4 (which serves^as a feed back 
invention; e lement of the feedbacK circmt ^j^ andlTdirectlv con- 

FIG. 19 is a block diagram showing a more practical n cctedJo a PWM signa? terminal 5 which out- 

circuit of that shown in FIG. 18; P^ts a signal Vo. 

FIG. 20 is a block diagram showing a still more prac- 40 T he PWM si gnal^ utput terminal 5 is co nnected to 
tical circuit of that shown in FIG. 19; and one input tenninaTTof the amphtude modulation circuit 

FIGS. 21A-21D are waveform diagrams for explain- 40. Further, the otha* input terminal of this amplitude 
ing the operation of the circuit shown in FIG. 20. modula tion cir cuit 4 0"is a dither i nput terminal 6. The 

DESCRIPTION OF THP Pl^FFPP R Pn tenmnal of the amplitude modulation circuit 40 

DESCRIFTION OF 45 is an amplitude modUIiteiili^- output tenmnal 8 to 

nMUUUiMtrM 1 :5 ^^^^(,1^ of a resistor 9 is connected. The other 

Referring now to the drawings, wherein like refer- end of the resistor 9 is connected to the mversion input 
ence numerals designate identical or corresponding terminal of the operational amplifier 11. 
parts throughout the several views, and more particu- The operation of the circuit described above will be 
larly to FIG. 1 thereof, there is illustrated a block dia- 50 described hereinbelow. 

gram showing an embodiment of the present invention. To facilitate the understanding of the operation of the 
In the pulse width modulation circuit, an input is signal circuit, a case where there is a disconnection of the wire 
suppUed to an input tenmnal 1 which is connected to an connecting resistor 9 to the inversion input of the opera- 
integrating circuit 10 via an input resistor 2. The output tional amplifier 11 at point P. The signal input terminal 
of the mtegrating circuit 10 is suppUed to a comparing 55 1 is open (i.e, the voltage at the input floats) and the 
circmt 20. The output of the comparing circuit 20 is potential of the PWM signal output tenmnal 5 is Vo 
connected to an output tenninal 5 and also fed back to Further, the reference voltages V«a and V-n are as- 
an mput side of the mtegrating circuit 10 via a feedback sumcd to be the ground potential. Under th^ condi- 
circuit 30 which may include a resistor. Further, the tions, the potential of the input tenninal of the inverter 
output of the comparing circuit 20 is supphed to an 60 3. that is. the potential of the output tenninal of the 
amphtude modulation circuit 40 together with a dither comparing circuit 20 is -Vo. Accordingly, when the 
signal applied through a dither signal input tenninal 6. resistance of the resistor 22 b R2. and the resistance of 
The dither signal may contam a usefiil oscillation of the resistor 23 is R3, the potential Vp at the non-invcr- 
small amphtude. The output of theamphtudemodula- sion input tenninal of the operational ampUficr 21 can 
tion circmt 40 is fed- back to the in put side of the inte- 65 be expressed as: 
grating-circuit 10 via a feedback resistor 9. 

FIG. 2 isia more detailed circuit diagram of the cir- Vp^R2xVo/{Bi+Ry) (i) 

cuit shown in FIG. 1. In FIG. 2. one end of the input 
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On the other hand, if the resistance of the resistor 4 is as shown in FIG. 5B is developed at the PWM signal 
Rl, the current I flowing through the capacitor 12 can output terminal 5, this rectangular pulse signal is applied 
be expressed as: to the amplitude modulation circuit 40 via the pulse 

signal input terminal 7. When a signal as shown in FIG* 
l-^Vo/Ri (2) 5 5A is applied to the dither signal input terminal 6 of the 

„ t... . T rt ...u amplitude modulation circuit 40, since the amplitude of 

Here, when the current I flows rnto the capacitor 12 the rectangular pulse signal is modulated by ttie dither 
the Potenftal at the "jutput temunal o the ope«t.onal ^^^^Tsho^in^. 
amplifier 11, that IS, the output tenmnal potential of the eST ^1 * r.i. v. 7 i^ " 
integrating circuit 10 drop^ When the output termimd ,o f^^ '^t H tv modulation arcuit 40 

potential of the integratii^circuit 10 drojis below the (t™al 8) In to 

potential Vp at the nonnnversion input terminal of the ^^^f^^P^ ^ integrated signal ou^ut tenmnal 13. 
operational amplifier 21, the output terminal potential ^ explanation will be given using FIGS, 

of the operational amplifier 21 is inverted to Vo. so that when the amphtude modulation circuit 40 is 

the potential at the PWM signal output terminal 5 is connected to the inversion input of the opemtionampli- 
inverted to - Vo. Further, at the same time, the poten- through resistor 9 (i.e., there is no disconnection 

tial Vp at the non-inversion input terminal of the opera- ^® P^"^ f ^ 2). In this case, since the ampli- 
tional amplifier 21 becomes a value as expressed below: of the signal developing at the PWM signal output 

terminal 5 is modulated on the basis of the dither sig^ 
yp^mxyo/iJa+lo) 20 ^ shown in FIG. 6A, a signal as shown in FIG. 6B 

develops at the amplitude modulated signal output ter- 
As described above, when the output status of the minal 8. This signal is applied to the inversion input 
operational amplifier 21 is inverted, the current I flow- terminal of the operational amplifier 11 via the resistor 
ing through the capacitor 12 can be expressed by the 9. In this operation, when, the amplitude modulated 
following formula; ^ signal level is positive, the fall rate of the output voltage 

wave of the integrating circuit 10 increases with in- 
^^^^ creasing amplitude of the amplitude modulated signal. 

S^^^rSS^tSi.'^^t JO '"^?Tfi ■? ^- 

• c _.t. .V . "*r*>'""**6 t! , J. r creasing amphtude of the amplitude modulated sianal. 

nses. Further, when the output ternunal potential of the 1^ ^*uJt ♦v « j^yuvuxi^ uiKj^^iuixiwjaiiUM. 

integrating circuit 10 reaches the potential Vp of the ^ ""1^^' words, Uie output signal frequency of the mte- 

nonS^el^oninputterminal of theo^rationalL^^ S.^^l'^ '"^^.t ^^^^^^ "^f' 
21, the output terminal potential of Ae opcrationS am- of tibe dither si^, Aus reakzmgfrequ^^^ 

plifier21isinvertedto-Vo,sothatthe^tialofthe 35 ^^on^.^erefore, when the si^^ 
PWM signal output terminal 5 is also inverted. ^P?3i*^^ integrating circuit 10, a signal as shown 

Therefore, the circuit is oscillated by repeating the f ff develops at ^mtegraung circuit oi^ut 
above-mentioned operation, with the result that a rect- ^ ^ ^^^^^^^^ ^ 

angular pulse signal as shown in FIG. 3A is outputted 1? ^/^°P^ *f. ^J^^ o^*?"* }^^^ 5. 

from the PWM signal output terminal 5, and a triangu- 40 Therefore, the amphtude modulation circmt 40 modu- 
lar waveform signal as shown in FIG. 3B is outputted ^l^J^? ^Pjt"^« ^S^^ ^ ^own in FIG. 6D on 
from the mtegrated signal output terminal 13. *® ^ s^^^ ^ 

The osciUation frequency of the basic PWM circuit is °"^P"^ modulated signal as shown in FIG. 6B. 
determined by the foUowing formula: ^ ^ "^^^ " possible to disperse the frequency 

45 spectraofthePWMsignalby keeping the amplitude of 
/=(ja+/?3)/(4xcixi2ix/i3) (5) Output signal of the integrating circuit 10 at a con- 

stant level. 

where CI denotes the electrostatic capacity of the ca- 7 shows another embodiment of the present 

pacitor 12. invention, in which the same elements as the elements in 

Next, the case when a signal as shown in FIG. 4A is SO the embodiment shown in FIGS. 1 and 2 are designated 
applied to the signal input terminal 1 will be taken into by the same reference numerals. In this embodiment, an 
account This signal changes in level above and below input terminal of a buffer 3A is connected to the output 
the reference voltage V^ over time. When the poten- terminal of the comparing circuit 20, and an output 
tialatthesignalinput terminal lis lower than the refer- terminal of the buffer 3A is connected to the PWM 
ence voltage Vrt/if the rise rate of the potential at the 55 signal output terminal 5A. Further, one end of a resistor 
integrated signal output terminal 13 is high but the fall 4A is connected to a PWM signal output terminal 5A. 
rate thereof is low. In contrast with this, when the po- and the other end thereof is connected to the non-inver- 
tential at the signal input terminal 1 is higher than the sion input terminal of the operational amplifier 11. One 
reference voltage V refit the rise rate of the potential at end of a capacitor 12A is connected to the other end of 
the integrated signal output terminal 13 is low but the 60 the resistor 4A, and the other end of the capacitor 12A 
fall rate thereof is high. Therefore, the potential at the is connected to a voltage supply (not shown) for apply- 
integrated signal output terminal 13 changes as shown ing a reference voltage V,^. Furthermore, one end of a 
in FIG. 4B, and the potential at the PWM signal output resistor 2A is connected to the other end of the resistor 
terminal 5 changes as shown in FIG. 4C. The siffial 4A, and the other end of resistor 2A is connected to a 
outputted from the PWM signal output terminal 5 is a 65 voltage supply (not shown) for applying a reference 
PWM wave. voltage V^^. In this embodiment, the amplitude modu- 

An explanation of the amplitude modulation circuit lation circuit 40 is composed of PNP transistors 41 and 
40 will now be given. When a rectangular pulse signal 42 and NPN transistors 43 and 44. Here, the emitters of 
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the transistors 41 and 42 are connected to each other signal of the amplitude modulation circuit are many. As 
and further connected to the dither signal input terminal a result, since the input signal components are masked 
6 of a current input type. Further, a voltage supply (not by the output signal components of the amplitude mod- 
shown) for applying a reference voltage V^^ is con- ulation circuit, there exists a possibility that only the 
nected to the base of the transistor 41, and the base of 5 output signal components of the ampHtude modulation 
the transistor 42 is a pulse signal input terminal 7. This circuit are developed in the PWM signal at the signal 
input terminal 7 is connected to the output of the com- output terminal 5. 

paring circuit 20 which is converted through an in- FIG. 8 is a block diagram showing still another em- 

verter to the PWM output terminal 5, On the other bodiment of the present invention, which can prevent 

hand, the collector of the transistor 44 is connected to 10 the above-mentioned problem. In FIG. 8, the same 

the collector of the transistor 42. Further, the bases of elements as which are shown in FIGS. 2 and 7 are desig- 

the transistors 43 and 44 are connected to each other, nated by the same reference numerals. In this embodi- 

and fimher connected to the coUector of the transistor ^ent, the PWM signal developed at the signal output 

44. The emitters of the transistors 43 and 44 are con- 5 ^ u^^j ^ j^, j ^^^^ ^ 

nected m common to a ^ound pomt GMD. Also, the 15 ^^^^ 51 ^nd the dither signal appUSlTthe dither 

coUectoroftiietransistor43ist^^ sig«piirt«minaliris supped to the other input 

signal outpu termina^ 8 which is connected to the m- of I he same sW iEdi drcuit 5L Further, tiie 

version mputt^md 14 of tiiemtegratmgc^^^^ PWM signd de^S^SluhrSgnal output terminal 5 

In this amplitude modulation circuit, a differentia^ -^^^ ^ ^ 52 ii^plied to one input 

ampWier circint is compo^d of the transistors 41 and 20 terminal-pf ask^ T^S^fi^ and the dither 

42. Further, the amphtude of the current flowmg .^^1 y. *^ ixr^rrx = 1 • ^^i^ 

through the transistor 42 is modulated by passing a ^P?^^ dither signal.mput termmal 6 and 
rougWy constant current through the transLorTLd Z"^^ ^^f^f.^P?^^,^ ^3 is supplied to the 
fur^ by passing a dither signal current from the other mputtennmal of the switch Cff^^^^ 
ditiier signal input terminal 6. T^e transistors 43 and 44 25 ^"^"^H' generally composed of differential amphfiers. 
constitute an active load circuit. The collector current ^^^nal of the switch circmt 51 is 
of the transistor 43 having a high output impedance is f^PP^'^? * multipher 55, and the 
changed according to the ampUtude modulated signal. mput Mgnal applied to the signal mput terminal 1 is 
Further, since the coUector current of the ti^sistor 43 supplied to the other mput termmal of the multiplier 55. 
thus obtained is passed through the inversion input 30 Both the supplied signals are multipUed by the multi- 
terminal of the operational amplifier 11, it is possible to P^^ Further, the output signal of the switch circuit 
superpose the amplitude modulated signal upon the 54 is suppUed to one input terminal of anotiier multipher 
input signal. In this embodiment, since the value of Sfi.andtiieinputsignalapphed to the signal input termi- 
current flowing through the inversion input terminal of ^ supplied to the other input terminal of the multi- 
the operational amplifier 11 can be determined appro- 35 Plier 56. Both the supplied signals are multiplied by the 
priately inside the ampUtude modulation circuit 40, it is multipUer 56. The output signals of these multipUers 55 
possible to eluninate the resistor 9 shown in FIGS, land 56 are superposed upon the input signal via two 
2. resistors 57 and 58, respectively. 

The operation of the circuit Ulustrated in FIG. 7 wiU operation of this embodiment wiU be described 

be described hereinbelow. In this circuit, a PWM signal 40 herembelow with reference to FIGS. 9 A to 9H. First, 

opposite in polarity to that at the PWM signal output the assumption is made that a point between the resis- 

terminal can be outputted from the PWM signal output tors 57 and 58 and the inversion input terminal of the 

terminal 5A. The signal generated a t the P W M sig nal operational amplifier 11 is disconnected from each 

Y output te nninal 5A is fed back to the non -inversion other so as not to apply the dither signal components. 

^\ inp ut terminal of the operational ampmieTll via a C R 45 When the signal level at the signal input terminal 1 is 

circui t composed of~two resistors 2A and 4A and a mcreased gradually as shown by a soUd line in FIG. 9A, 

capacitor 12A. In this circmt composed as described a PWM signal whose pulse width is narrowed gradually 

above, it is possible to implement a BTL (balanced as shown in FIG. 9H is developed at the signal output 

transformless) negative feedback between the integrat- tenninal 5. 

ing circuit 10 and the comparing circuit 20. 50 Further, when the PWM signal.as shown in FIG. 9H 

As a result of use of the BTL negative feedback loop, and the dither signal applied to the dither signal input 

it is possible to increase the output voltage on the basis terminal 6 as shown in FIG. 98 are suppUed to the 

of the same supply voltage and further to reduce the comparator 51, it is possible to output the signal as 

power consumption. shown in FIG. 9C in which the positive level of the 

On the other hand, in the above-mentioned embodi- 55 PWM signal is limited on the basis of the dither signal, 

ments, the output signal level of the ampUtude modu- On the other hand, the inversion amplifier 53 inverts the 

lated signal must be determined appropriately under level of the input signal relative to the reference signal 

due consideration of the level of the input signal appUed and outputs the inverted signal. The inverter 52 inverts 

to the signal input terminal 1. Here, even if the output the polarity of the PWM signal and outputs the inverted 

signal level of the ampUtude modulation circuit is kept 60 PWM signal. Therefore, when these inverted signals are 

at a constant level, when the input signal level drops applied to the switch circuit 54, it is possible to output 

below an ordinary level, there exists the case where the the signal as shown in FIG. 9D, m which the portions 

output signal level of the amplitude modulation circuit corresponding to "1" of the PWM signal are at the 

increases greatiy beyond the input signal level. level and the portions correspondmg to ''0^ of the 

When the output signal level of the ampUtude modu- 65 PWM signal are at the negative levels limited on the 

lation circuit becomes higher than the input signal level, basis of the level of the dither signal. From FIGS, 

the components of the signal appUed to the signal input 9B-9D and 9H, the functions performed by the switch 

terminal 1 are few but the components of the output circuits 51 and 54 can be seen. 
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The multiplier 55 multiplies the signal as shown in voltage; and the collector of the transistor 69 is con- 
FIG. 9C by dxe signal as shown in FIG. 9A, and outputs nected to the reference voltage supply via a resistor and 
the signal as shown in FIG. 9£. Further, the multiplier is also connected to an input terminal of the multiplier 
56 multiplies the signal as shown in FIG. 9D by the 55. 

agnal as shown in FIG. 9A, and outputs the signal as S In FIG. 10, the transistors 61 to 63 constitute a cur- 
shown in FIG. 9F. rent mirror circuit When a dither signal is applied to 

Here, when the point between the resistors 57 and 58 the dither signal input terminal 6, the same, amount of 
and the inversion input terminal of the operational am- current that flows through transistor 61 flows through 
plifier 11 (previously described as being disconnected) the transistors 62 and 63. The transistors 68 and 69 
is connected again, the signals outputted by the multipli- 10 constitute a diflerential amplifier circuit When the cur- 
ers 55 and 56 are synthesized by the resistors 57 and 57 rent flowing through the transistor 63 is supplied to the 
respectively, so that the current signal as shown in FIG. differential amplifier circuit and a PWM signal which is 
9G can be obtained and applied to the inversion input at the jsignal output terminal 5 is applied to the base of 
terminal of the operational amplifier It the tnuasistor 68, it is possible to obtam an amplitude 

Further, when the current signal as shown in FIG. IS modulated signal as shown in FIG. 9C from the collec- 
9G is applied to the inversion input terminal of the tor of the transistor 69. In the same way, the transistors 
operational amplifier 11, although the signal waveforms 64 and 65 constitute another differential amplifier cir- 
as shown in FIGS. 9A to 9C also change, the descrip- cuit When the current flowing through the transistor 
tion thereof is omitted for brevity. 62 is supplied to this differential amplifier circuit and the 

Here, the signal to be superposed upon the input 20 PWM signal which is at the signal output terminal 5 is 
signal (as shown in FIG. 9G) corresponds to the si^ial applied to the base of the transistor 64, it is possible to 
as shown in FIG. 5C. However, the difference between obtain a PWM signal whose level is inverted. The tran- 
both is as follows: the level of the envelope of the signal sistors 66 and 67 constitute an inversion amplifier cir- 
shown in FIG. 9G is proportional to the signal level at cuit. When this PWM signal is applied is to the collector 
the signal input terminal 1, but the level of the envelope 25 of the transistor 66 connected to the respective bases of 
of the signal shown in FIG. 5C is not subjected to the the transistors 66 and 67, it is possible to obtain an am- 
influence of the signal level at the signal input terminal plitude modulated signal as shown in FIG. 9D. 
1. The amplitude modulated signal obtained firom the 

As described above, in the embodiment shown in collector of the transistor 69 is multiplied by the mput 
FIG.8, it is possible to prevent the output signal level of 30 signal through the multiplier 55, and the amplitude 
the amplitude modulation circuit from being increased modulated signal obtained from the collector of the 
largely beyond the input signal level, so that there exists . transistor 67 is multiplied by the inverted input signal 
such effects that the radiation can be suppressed and the through the multiplier 56. 

erroneous operation of the comparing circuit due to As described above, it is possible to operate the cir- 
noise can be prevented. 35 cuit shown in FIG. 10 in the same way as with the case 

FIG. 10 is a circuit diagram showing a practical cir- of the circuit illustrated in FIG. 8. 
cuit configuration of the embodiment shown in FIG. 8. In the above-mentioned embodiments, although the 
In the drawing, transistors 61 to 65, 68 and 69 are PNP PWM signal outputted by the comparators or the differ- 
transistors and the transistors 66 and 67 are NPN tran- ential amplifiers is amplitude-modulated on the basis of 
sistors. The respective emitters of the transistors 61 to 40 the dither signal as it is, it is of course possible to use a 
63 are connected in conunon to a positive reference signal whose frequency is proportional to that of the 
voltage supply (not shown). Further, the collector of PWM signal outputted by the comparing circuit Fur- 
the transistor 61 is connected to the dither signal input ther, it is also possible to disperse the frequency spectra 
terminal 6, and the respective bases of the transistors 61 in quite the same way as above, by using a pulse signal 
to 63 are connected m conunon to the collector of the 45 whose frequency is equivalent thereto, without using 
transistor 61. the PWM signal outputted by the comparing circuit. 

The respective emitters of the transistors 64 and 65 Further, in the above-mentioned embodiments, al- 
are connected to the collector of the transistor 62; the though the comparing circuit of voltage comparison 
base of the transistor 64 is connected to a signal output type is adopted, it is of course possible to alternatively 
terminal 5; the base of the transistor 65 is connected to SO use a current comparison type comparing circuit, 
a voltage supply for generating an intermediate voltage Additionally, instead of the voltage comparing cir- 
of the reference voltage; and the collector of the transis- cuit, it is also possible to obtain the same function as 
tor 65 is connected to ground. above by use of an amplifier. 

The respective emitters of the transistors 66 and 67 In the above-mentioned respective embodiments, 
are connected to the ground; and the respective bases of 55 although the operation thereof has been explained on 
these transistors 66 and 67 are connected in common to the assumption that the PWM signal can be outputted 
the collector of the transistor 64 together with the col- from the PWM signal output terminal 5, it is apparent 
lector of the transistor 66. Further, the collector of the that the present invention can be applied when a fre- 
transistor 67 is connected to the reference voltage sup- quency modulated signal corresponding to the input 
ply via a resistor and to an input terminal of the multi- 60 signal is required to be generated from the integration 
plier 56. signal output terminaL 

The respective emitters of the transistors 68 and 69 As described above, according to the embodiments 
are connected in conomon to the collector of the transis- shown in FIGS. 1 to 10, since it is possible to disperse 
tor 63; the base of the transistor 68 is connected to the the frequency spectra of the PWM signal by implement- 
signal output terminal 5; the collector of the same tran- 65 ing the frequency modulation while keeping the ampli- 
sistor 68 is connected to the ground; the base of the tude of the output signal of the integrating circuit at a 
transistor 69 is connected to the voltage supply for constant level, it is possible to suppress the radiation 
generating an intermediate voltage of the reference without exerting harmful influence upon both the S/N 
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ratio and the dynamic range thereof. In addition, it is and the resistance between the drain and the source of 
possible to prevent erroneous operation of the compar- the transistor Q2 is nearly infinite, 

ing circuit, which tends to occur due to noise when the As described above, in the power driver circuit 
amplitude of the integrating circuit is small. Further, it shown in FIG. 13, when the input terminal 71 is at the 

b also possible to simplify the circuit configuration, 5 L-level, the output terminal 74 is also at the L-level. 
when the signal proportional to the output signal of the When the input terminal 71 is at the H-level, the output 

comparing circuit is used as the amplitude modulated terminal 74 is also at the H-level, These conditions make 

signal. it possible to supply drive current to a load (e.g., a 

Examples of other application of the circuit accord- speaker) connected to the output terminal 74. Further, 
ing to the present invention shown in FIG. 1 will be 10 the reason why the inversion pre-<iriver circuit is incor- 

described hereinbclow. porated is to obtain the same input and output polarity 

The pulse width modulation (PWM) circuit is widely as that of the power driver circuits shown in FIGS. 11 

used to drive a low impedance load such as an acoustic and 12. 

speaker, a motor, etc. Therefore, in the power driver FIG. 14 is another example of the power driver cir- 
circuit having a sufficient load driving capacity, it is 15 cuit in which two N-channd power MOSFETs are 
necessary to amplify the po wer o f the PWM signal. In used. The input terminal 71 is connected to the gate of 
this case> when power MOSFET elements, for instance, an N-channeJ power MOSFET Q2 and the input termi- 
are used for the power driver circuit, there exists a nal of an inversion predriver circuit 72. The output 
problem in that the distortion factor of the audio signal terminal 73 of the inversion predriver circuit 72 is con- 
is deteriorated due to the characteristics of the elements 20 nected to the gate of the N-channel power MOSFET 
themselves (lower rise and fall rates). Q3. A common junction point of the source of the tran- 
FIG. 11 is a circuit based upon the circuit shown in sistor Q2 and the drain of the transistor Q3 is the output 
FIG. 2. This circuit shown in FIG. 11 is the same in terminal 74. The drain of the transistor Q2 is connected 
configuration as the circuit shown in FIG. 2, except that to a supply voltage Vcc, and the source of the transbtor 
a power driver circuit 70 is interposed between the 25 Q3 is grounded. 

comparing circuit 20 and the signal output terminal 5. In this circuit, when the input terminal 71 is at the 
Also, a low-pass filter SO and a speaker 81 are connected H-level, since the output terminal 73 of the inversion 
to the signal output terminal 5 to remove the signal pre-driver circuit 72 is at the L-level, the gate of the 
components other than the audio frequency range. transistor Q3 is also at the L-level, thus turning off 
Since the power driver circuit 70 is interposed in the 3D transistor Q3. Under these conditions, since the gate of 
signal loop of the pulse width modulation circuit, it is the transistor Q2 is at the H-level, this transistor Q2 is 
possible to prevent the distortion factor of the audio turned on. Accordingly, the output terminal 74 is con- 
signal from being deteriorated due to the distortion of nected to the supply voltage Vcc via the resistance 
the power driver circuit. (nearly zero ft) between the drain and the source of the 
FIG. 12 is a circuit showing another application ex- 35 transistor Q2. on the other hand, the resistance between 
ample in which a power driver circuit is incorporated in the drain and the source of the tumed-ofF transistor Q3 
the circuit shown in FIG. 7. The differences between is nearly infinite. 

this circuit and the circuit shown in FiG. 7 is that a When the input terminal 71 is at the L-level, smce the 

power driver circuit 70 b connected to the mverter 3; a output terminal 73 of the inversion pre-driver circuit 72 

power driver circuit 70A is connected to the buffer 3A; 40 is at the H-level, the gate of the transistor Q3 is also at 

and coils LI and L2ofa low-pass filter 80 are connected the H-level, so that this transistor Q3 is turned on. 

to the respective signal output terminals. Under these conditions, since the gate of the transistor 

FIG. 13 is a circuit showing one example of the Q2 is at the L-lcvel, this transistor Q2 is turned off. 

power driver circuit. In FIG, 13, an output termmal 73 Accordingly, the output terminal 74 is connected to the 

of an inversion pre-driver circuit 72 (connected to an 45 ground via the resistance (nearly zero ft) between the 

input terminal 71) is connected to a common gate junc- drain and the source of the transistor Q3. On the other 

tion point of a P-channel power MOSFET Ql and an hand, the resistance between the drain and the source of 

N-channel power MOSFET Q2. Further, a common the tumed-off transistor Q2 is nearly infinite, 

drain junction point of the MOSFETs Ql and Q2 is an As described above, in the power driver circuit 

output teiminal 74. 50 shown in FIG. 14, when the input terminal is at the 

In this circuit, when the input terminal 71 is at an L-level, since the output terminal is also at the L-level; 
L-level, the output tenninal 73 of the inversion pre- and when the mput terminal at the H-level, since the 
driver circuit 72 is at an H-level and the gates of both ou^ut terminal is also at the H-level, it is possible to 
the power MOSFETs are at the H-levd. Under these supply drive current to a load (e.g., a speaker) con- 
conditions, the transistor Ql is turned off and the tran- 55 nected to the output terminal 74. 
sistor Q2 is turned on. This causes the output terminal Another embodnnent in which the dither input as 
74 to be connected to a ground GND via a resistance shown in FIG. 1 is used for a different use will be de- 
(nearly zero ft) between the drain and the source of the scribed hereinbelow. 

transistor Q2, and the resistance between the drain and In the embodiments already explained, the signal 

the source of the transistor Ql is nearly infinite. On the 60 applied to the dither signal input terminal is triangular 

other hand, when the input terminal 71 b at the H-level, in waveform, as shown in FIG. 6A. A low frequency 

the output terminal 73 of the inversion predriver circuit triangular dither signal of about 20 Hz is used to obtain 

72 is at the I^ievel and the gates of both the power the PWM signal whose frequency is modulated on the 

MOSFETs are at the L-level, so that the transbtor Ql basb of the triangular signal at the PWM output termi- 

b turned on and the transistor Q2 b turned off. Under 65 nal for radiation preventioa In thb embodiment, the 

these conditions, the output terminal 74 b connected to dither signal b used to correct the frequency of the 

a supply voltage Vcc via a resbtance (nearly zero ft) PWM signal, which b different from the use of the 

between the drain and the source of the transistor Ql, dither signal to prevent radiation. 
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In the drcttit shown in FIG. 2, when the ampKtude correction signal as described in FIG. 15 may be sup- 

modalation circoit 40 does not exist and there is no pKed to the terminal 6. 

feedbadc loop related thereto, there is a shortcoming in FIG. 19 is a circuit similar to that shown in FIG. 18. 

that the larger the amplitude of the input signal applied The point different between the two circuits is that a 
to the signal mputteiTDinall, the lower the frequency of 5 dither signal which is applied to the ampUtude modula- 

the output signal of the PWM circuit. tion circuit 40 is generated by a dither signal generating 

As shown by the solid curve in FIG. 15, the fre- circuit 110. The dither signal generatmg circuit 110 

quency of the output signal (pulse wave) of the PWM outputs a dither signal, and the ampUtude modulation 

circuit has a ma»mum value (200 KHz in this embodi- circuit 40 modulates the ampUtude of die output signal 

ment) when the duty fector thereof is 0.S which corre- lo integratteg circuit 10 on the basis of the diAar 

spends to the case where no mput si^ is apph^ to pusher, the comparing circuit 20 is an opera- 

the mput termind. Tte closer the duty factor of the ^^5^^, provided%rith hysteresis characiais- 

output signal of the PWM circuit is toward rero or 1.0, <«««oi «f 

the lowcTThc frequency of the output signal of the ^9^' output signal of the ampbtude modulation 

V\^M<S<^itv^mhe ""^P"^ circuit 40 is suppLcd to the inversion input terminal of 

For the pulse signal illustrated in FIG. 16, the duty ''•IT^^^'^^^' ^tfu"^""' of the comparing 

factor can be expr«^ as: circuit 40 is outputted through the output terminal 5 and 

further fed-back to the input side of the integrating 

Ti/(Ti+T2) (d) circuit 10 through the feedback circuit 30. 

FIG. 20 is a more practical circuit of the circuit 

Nvhere Tl denotes an H-level duration and T2 denotes shown in FIG. 19. In FIG. 20, one end of an input 

an L-level duration of the PWM output signaL Further. resistor 2 is connected to the signal input termmal 1. 

the oscillation frequency thereof can be expressed as The other end of the input resistor 2 is connected to an 

inversion input terminal (— ) of an operational amplifier 

/=4x(7V(n+72)x(l-7V(n+n))x200 kHz (7) 11. This operational amplifier 11 and a capacitor 12 can 

constitute an integrating circuit One end of tlie capaci- 

In the circuit shown in FIG. 2, it is possible to cancel tor 12 is connected to the inversion input terminal of the 

or correct the frequency drop of the output signal of the operational amplifier 11, and the other terminal thereof 

PWM circuit by applying a correcting signal which connected to an output terminal of the operational 

corresponds to a multiphcaUon factor (which relates to amplifier 11. A voltage supply (not shown) for supply- 

mcbnationofatnanglewave)oftheamphtude mo^^^^^ ^0 ^ reference voltage is comiected to a non- 

tion circmt m response to the duty ratio of the PWM ^^^^^^ ^ ^^^^ operational ampU- 

output sigi^^^am^^^ of the input signal at the „ ^he output of the operational ampHfier 11 is 

FIoTis a circuit for obtaining the correcting sig- ^l^^- a multipUer circuit 45, and the ou^ut 

nal. In this circuit, when a signal similar to thTmput 35 ^^^""'^^^^f."^^ inversion input termmal of an 

signal applied to the signal S^t terminal shown in ""^"^T^n"^^^'^ ^ T 

FIG. 2 i^ applied to an in?ut teriiinal 91 of the correct- ^J^^^ <^^*P"tted tfirough an ou^ut termmal 5 

ing circuit, tL ampUtude of the in,put signal is detected fed-back to the mv«sion mput termmal of the 

by a peak detecting circuit 92. The outpuTof the peak ^ mtegratmg circuit vu a 

detecting circuit 92 is given to three comparators 93 to ^ ^^^.^,^^,7* ^ . . , 

95, respectively. Three different threshold voltages Va, signal apphed to the input termmal 1 is also ap- 

Vb and Vc are supplied as the respective comparison P^^,^°/ detectmg circuit 111. The output thereof 

inputs of the comparators 93 to 95. On the basis of the ^ added to the output of a dither osciUating circmt 112 

comparison results of these comparators, switching ^ ""^^^^ "^^^ ^« ^^^^put of the adder 113 is 

amplifiers 96, 97 and 99 are controlled according to the 45 connected to an mput terminal of the multiplier circuit 

amplitude. The outputs of the switching amplifier are multiplier circuit 45 modulates the ampUtude of 

added by an adder circuit 99 and the added result is output signal of the operational ampUfier 11 on the 

outputted to an output terminal 100 of the correcting ^he output signal of the adder circuit 113. 

circuit. For instance, when the amplitude is small, the ^? operation of this circuit shown in FIG. 20 will be 

switching amplifiers are aU turned off. When the ampU- 50 described hercmbelow. 

tude increases, the switching amplifiers SHS, 97 and 98 When no analog wave signal is appUcd to the input 

are turned on in sequence with increasing ampUtude. terminal 1, the potential change of the integrating ca- 

Therefore, when the input voltages VI, V2 and V3 of pacitor 12 due to current flowing through the feedback 

these switching amplifiers are selected appropriately, it resistor 4 is acquired by the comparing circuit 20. In 

is possible to generate the signal having a multipUcation 55 other words, since the current flowing through the 

factor as shown by the dashed curve in FIG. 15 from feedback circuit flows into the capacitor 12, the output 

the output terminal of the correcting circuit potential of the integrating circuit 11 decreases. This 

FIG. 18 shows a pulse widgimodulation-circuit of operation continues until the output potential of the 

anotiier asp^t^of the present inv ention. In FIG. 18, the integrating circuit 11 drops below the reference poten- 

input ter^nal Tis connected to an integrating circuit 60 tial. When the output potential of the integrating circuit 

10. The out put of the int e grating circuit.lO i s supplied to 10 drops below the reference potential, since the capaci- 

a comp arin g cir cuit 20 via _an ampUtude modulation tor 12 begins to discharge, the current direction of the 

ci rcuit~40 . The outpnt of the_ comparing circuit 20 is feedback circuit is switched, so that the output potential 

co nnected to an out put terrninal 5 and als o fed-b ack to of the integrating circuit 10 increases until this potential 

the in put side of the integrating circuit 10 via a feedback 65 exceeds the reference potential. Thereafter, when the 

cir cuit, 30._ Eurther. the dither signal^is applied to the output potential of the integrating circuit 10 exceeds the 

ampUtude modulation circuit,40.through a dither signal reference potential, the capacitor 12 is returned to the 

input terminal 6. In this embodiment, the frequency charging status. As a result of the above-mentioned 
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operation, it is possible to output a pulse signal having a 
constant duty factor from the comparing circuit 20. 
This pulse signal is used as a carrier signal. 

When an analog signal is applied to the input terminal 
1, the potential of the integrating capacitor element 12 is 
subjected to the influence of the amplitude of the input 
signal. In other words, when the potential at the input 
terminal 1 is lower than the reference potential, the 
decrease rate of the output potential of the integrating 
circuit 20 is low, but the increase rate thereof is hi gh. 
Further when the potential at the mput terminal 1 is 
higher than the reference potential, the decrease rate of 
the output potential of the integrating circuit 20 is high, 
but the increase rate thereof is low. 

The above-mentioned operation will be described 
hereinbelow with reference to FIGS. 21A to 21D. 

When the analog signal as shown in FIG. 21A is 
supplied to the input terminal 1, the output of the inte- 
grating circuit 11 becomes the wave as shown by a solid 
line m FIG. 21B. In this figure, it is shown that the level 
of the wave is limited by the level of the dashed line m 
which the gradient is diifferent when the potential rises 
and when the potential falls. This dashed line denotes a 
limiting level obtained by adding the detected peak 
level of the input signal and the dither signal. Further, 
the amplitude of the output signal of the multiplier 
circuit 45 becomes the waveform having approximately 
constant amplitude shown in FIG. 21C. 

Since the output of the multiplier circuit 45 is sup- 
phed to the comparing circuit 20, the signal is frequency 
modulated in accordance with the hysteresis character- 
istics of the comparing circuit 20, as shown in FIG. 
21D. In this frequency modulated signal, the spectrum 
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a feedback circuit for feeding back the output of said 
comparing circuit to an input of said integrating 
circuit; and 

an amplitude modulation circuit provided in a loop 
including said integrating circuit and said compar- 
ing circuit, for implementing amplitude modulation 
to modulate a frequency of the output of said com- 
paring circuit. 

2. A pulse width modulation circuit, comprising: 

an input terminal for receiving an input signal; 

an integrating circuit for integrating the input signal 
appUed to said input terminal with respect to time; 

a comparing circuit, provided at an output side of said 
integrating circuit, having first and second thresh- 
old values, said comparing circuit comparing a 
signal applied to said comparing circuit with the 
first and second threshold values; 

an output section connected to an output of said com- 
paring circuit; 

a first feedback circuit for feeding back an output 
signal of said output section to an input of said 
integrating circuit; 

an amphtude modulation circuit for implementing 
amplitude modulation of the output of said com- 
paring circuit; and 

a second feedback circuit for feeding back the output 
of said comparing circuit to an input of said amph- 
tude modulation circuit, and the ou^ut of said 
amplitude modulation circuit to the input of said 
integratmg circuit. 



3. The pulse width modulation circuit as set forth in 
claim 2, wherein an amplitude-modulating dither signal 
components of the fundamental and higher harmonics 3, ^iZt'^^St'^r^^^^ modulation circuit together 
of the carrier signal are diffused. i?^ ^.^.f ^ comparmg circmt 

A« ei^^. ^„*-.„* 4- The pulse width modulation circuit a 



As described above, smce the output of the integrat- 
ing circuit 20 is amplitude-modulated on the basis of the 
dither signal and input peak value, and the amplitude- 



pulse width modulation circuit as set forth in 
claim 3, wherein said amphtude modulation circuit has 
a dither signal input terminal to which a correction 



modulated signal is applied to the comparing circuit 20 ^ f maintaining frequency of pulse width modu- 

for frequency modulation, the spectrum components of ^^f^^gnal at a ^eafic duty factor is supplied. 
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; spectrum components 
the fundamental and higher harmonics of the modulated 
signal can be diffused, with the result that it is possible 
to suppress the unnecessary radiation. Further, since the 
peak levels of the spectrum components of the fimda- 
mental and higher harmonics can be lowered, it is possi- 
ble to suppress the harmfiil influence due to the spec- 
trum components of the fundamental and higher har- 
monics upon the output of the integrating circuit. 

Obviously, numerous modifications and variations of 50 
the present invention are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described 
herein. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 
1. A pulse width modulation circuit, comprising: 
an input terminal for receiving an input signal; 
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5. The pulse width modulation circuit as set forth in 
claim 4, wherein a circuit for generating the correction 
signal is connected to the dither signal input terminal. 

6. The pulse width modulation circuit of claim 5, 
wherein said circuit for generating the correction signal 
comprises: 

a peak detecting circuit for detecting a peak value of 

the input signal; 
a plurality of comparators for comparing an output of 

said peak detecting circuit with different reference 

voltages; 

a plurality of switching amplifiers controlled accord- 
ing to outputs of said comparators, respectively; 
and 

an adder circuit for adding outputs of said switching 
amplifiers to each other. 

7. The pulse width modulation circuit as set forth in 
claim 2, wherein said amplitude modulation circuit is a 



an integrating circuit for integrating the input signal 60 differential amplifier circuit composed of a pair of tran- 



applied to said input terminal with respect to time; 

a comparing circuit, provided at an output side of said 
integrating circuit, having first and second thresh- 
old values, said comparing circuit comparing a 
signal apphed to said comparing circuit with the 65 
first and second threshold values; 

an output section connected to an output of said com- 
paring circuit; 



sistors, a dither signal being supphed to a common emit- 
ters of said two transistors. 

8. The pulse width modulation circuit as set forth in 
claim 2, wherein said output signal is composed of first 
and second output terminals for outputting signals hav- 
ing opposite polarities. 

9. The pulse width modulation circuit as set forth in 
claim 8, farther comprising: 



12/04/2003, EAST Version: 1.4.1 



\ 



an inverter, connected to an output of the comparing 
circuit, for inverting the output of the comparing 
circuit; and 

a bu£fer, connected to the output of the comparing ^ 
circuit, for maintaining a polarity of the output of 
the comparing circuit. 

10. The pulse width modulation circuit as set forth in 
claim 9, wherein: 

the first output terminal is connected to an inversion 10 
input terminal of an operational amplifier which 
constitutes said integrating circuit via the first feed- 
back circuit which includes a first feedback resis- 
tor; and 

the second output terminal is connected to a non- 
inversion ii^ut terminal of the operational ampli- 
fier via a second feedback resistor. 

11. The pulse width modulation circuit as set forth in 
claim 5, wherein a low impedance load is connected 20 
between the first and second output terminals via first 
and second inductances of a low-pass filter. 

12. The pulse width modulation circuit as set forth in 
claim 11, wherein the low impedance load is a speaker. 

13. The pulse width modulation circuit as set forth in 
claim 2, wherein said amplitude modulation circuit 
comprises: 

a first switch circuit which inputs the output signal of 
the comparing circuit at a first input thereof, and 30 
which inputs a dither signal at a second input 
thereof, said first switch circuit outputting the out- 
put signal of the comparing circuit which is within 
a level of the dither signal; 

a second switch circuit which inputs an inverted 
output signal of the comparing circuit at a first 
input thereof and which inputs an inverted dither 
signal at a second input thereof, said second switch 
circuit outputting the inverted output signal of the ^ 
comparing circuit which is within a level of the 
inverted dither signal; 

a first multiplier for multiplying the output of said 
first switch circuit by the input signal; 

a second multiplier for multiplying the output of said 
second switch circuit by ^e inverted input signal; 
and 

a circuit for superposing the outputs of said first and 
second multipliers upon the input of said integrat- ^ 
ing circuit. 

14. The pulse width modulation circuit as set forth in 
claim 2, wherein said amplitude modulation circuit 
comprises: 
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first and second differential amplifiers for comparing 

the output of the comparing circuit with respective 

predetermined reference voltages; 
a current mirror circuit for fiowing current through 

common emitters of said differential amplifiers 

according to a dither signal; 
an inversion amplifier for mverting an output of said 

second differential amplifier; 
a first multiplier for multiplying an output of said first 

differential amplifier by the input signal; 
a second multiplier for multiplying an output of said 

inversion amplifier by the input signal which has 

been inverted; and 
a circuit for superposing the outputs of said first and 

second differential ampUfiers up>on the input of said 

integrating circuit. 

15. The pulse width modulation circuit as set forth in 
claim 2, wherein a power driver circuit is connected 
between said comparing circuit and said output section, 
a low impedance load being connected to said output 
terminal via a low-pass filter. 

16. The pulse width modulation circuit as set forth in 
claim* 15, wherein the low impedance load is a speaker. 

17. -A pulse width modulation circuit, comprising: 
an input terminal; 

an integrating circuit for integrating an input signal 
applied to said input terminal with respect to time; 

an amplitude modulation circuit, connected to an 
output of the integrating circuit, for modulating a 
frequency of a signal output by the integrating 
circuit; 

a comparing circuit, connected to an output of the 
amplitude modulation, for comparing the output of 
the amplitude modulation circuit with first and 
second values; 

an output terminal, connected to an output of the 
comparing circuit; and 

a feedback circuit, which connects the output termi- 
nal to an input of the integrating circuit. 

18. The pulse width modulation circuit of claim 17, 
further comprising; 

a modulated wave generating circuit for controlling 
operation of said amplitude modulation circuit. 

19. The pulse width modulation circuit of claim 18, 
wherein said modulated wave generating circuit com- 
prises: 

a peak detecting circuit for detecting a peak value of 
the input signal; 

an adder for adding an output of said peak detecting 
circuit to the dither signal; and . 

said amplitude modulation circuit being a multiplier 
for multiplying an output of said adder by an out- 
put of said integrating circuit. 

♦ » « * * 
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